Measuring skin temperature (T SK ) provides important information about the complex thermal control system and could be interesting when carrying out studies about thermoregulation. The most common method to record T SK involves thermocouples at specific locations; however, the use of infrared thermal imaging (IRT) has increased. The two methods use different physical processes to measure T SK , and each has advantages and disadvantages. Therefore, the objective of this study was to compare the mean skin temperature (MT SK ) measurements using thermocouples and IRT in three different situations: pre-exercise, exercise and post-exercise. Analysis of the residual scores in Bland-Altman plots showed poor agreement between the MT SK obtained using thermocouples and those using IRT. The averaged error was −0.75
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Introduction
The skin is an essential organ for maintaining the core temperature (T C ) within the normal range of 36.1 to 37.8
• C in order to preserve the vital functions of the body (Campbell 2011) . Thermal receptors in the skin identify the environmental conditions and generate adaptive physiological responses including peripheral vasoconstriction for the reduced skin temperature (T SK ) induced by low-temperature environments, and peripheral vasodilatation for the increased T SK in response to elevated temperatures (Charkoudian 2010, Johnson and Kellogg 2010) .
Exercise induces the transformation of chemical energy into kinetic energy and thermal energy, thus generating an increase in heat production. Heat production increases body temperature, especially in the active muscles, causing an inversion of the temperature gradient between muscles and arterial blood. Blood from the deeper regions of the body is cooled in the skin by evaporation contributing to the control of T C (Shibasaki et al 2006 , Johnson 2010 , Johnson and Kellogg 2010 , Charkoudian 2010 .
Measuring T SK provides information about the complex thermal control system and it seems interesting for carrying out studies about thermoregulation. Various methods have been used for this purpose including infrared thermal imaging (IRT), mercury, chemical thermometers and different types of thermocouples (Davie and Amoore 2010 , Smith et al 2010 . Thermocouples are the most commonly employed method for measuring T SK . Their operation is based on the phenomenon known as the Seebeck effect (Childs 2001), which occurs when there is a potential difference (voltage) between two conductor (or semiconductor) materials at different temperatures (Childs 2001) .
The main advantages of using thermocouples include the low cost of the consumables, high accuracy, sensitivity and reproducibility, short response time and high range of temperature measurements. Furthermore, thermocouples can be used to measure T SK during exercise and, in some models, without any cables, thus reducing the time required to set up the equipment and providing more mobility to the subject (Childs 2001 , Smith et al 2010 , Hasselberg et al 2011 . The disadvantages of thermocouples include the following: small measurement area of a few cm 2 (Smith et al 2010) , relatively high cost of some equipment (Smith et al 2010) , differences in the T SK based on the technique for attaching the thermocouple (Tyler 2011) , and complications due to heat loss through convection and evaporation in the region where the thermocouple is fixed (Tyler 2011 , Buono et al 2007 . Moreover, for long duration exercise, sweat and body movements can cause the thermocouple to detach (Buono et al 2007) and cause interference during movements when cables are used (Smith et al 2010) .
In the past few years, IRT has gained prominence in T SK measurements Ammer 2012, Fernandes et al 2012) . IRT is based on several physical principles, including the laws of Max Planck, Wilhelm Wien and Stefan-Boltzmann (Jones 1998 , Bouzida et al 2009 , Lahiri et al 2012 . Objects at a temperature above absolute zero (0 K or −273.16
• C) emit infrared radiation due to the thermal motion of atoms and molecules; thus, for larger agitations, the temperature of the object increases, and the object releases more infrared radiation (Jones 1998 , Kennedy et al 2009 , Lahiri et al 2012 . Infrared cameras have special lenses that concentrate the thermal energy on an infrared detector consisting of thousands of infrared sensors (pixels) that transform infrared radiation into an electrical signal. The electrical signal is processed to show a thermal image on a display or video monitor and to calculate the temperature of each pixel (Jones 1998 , Kennedy et al 2009 , Lahiri et al 2012 .
The main advantages of using IRT to measure T SK include the following: the noninvasiveness of the technique, which does not require physical contact with the subject (Fernandes et al 2012 , Vargas et al 2009 ; the capability of monitoring T SK by focusing on a specific body region of interest (ROI) (local analysis) or on the entire body (global analysis) (Fernandes et al 2012 , Vargas et al 2009 , Bouzida et al 2009 ; the freedom of movement during exercise; the lack of interference in the processes of heat loss through radiation, convection and evaporation; the high sensitivity, accuracy and reproducibility; and the possibility of recording video with certain camera models (Fernandes et al 2012 , Vargas et al 2009 , van den Heuvel et al 2003 , Ahmadi et al 2011 , Zaproudina et al 2008 , McCoy et al 2011 . The disadvantages include the relatively high cost of the cameras with video or high definition, the lower precision of the equipment with simpler technology, the need to interrupt the exercise for recording when the camera has not recorded video, the need for specific training to control different factors that could affect the measurements, and the long time required to capture the data from the thermograms because the analysis software provided by the manufacturers is not specific to humans.
As described above, the IRT and thermocouples are based on different physical processes for measuring T SK , and each has advantages and disadvantages. Due to the current widespread use of thermocouples and the recent increase in the use of IRT, it seems important to check whether the T SK values obtained using thermocouples are consistent with those measured using IRT. The objective of this study was to compare the mean skin temperature (MT SK ) measured using thermocouples to those measured using IRT and to check whether there is agreement between the two methods at different times (pre-, during and post-exercise).
Methods

Participants
After disclosing the dynamics and objectives of the study via e-mail to the physical education students on the UFV campus, 12 people volunteered (age = 22.4 ± 3.3 years, height: 177.0 ± 0.8 cm, body fat percentage: 10.3 ± 3.0%, body surface area: 1.92 ± 0.09 m 2 anḋ V O 2max : 48.7 ± 4.9 ml kg min −1 ). They were previously informed about the procedures for all stages of the investigation and signed the informed consent forms. This study was approved by the local Ethics Committee on Human Research (No 134, 2011) .
Research model
This study consisted of a randomized model. The T SK of half of the subjects was first measured using thermocouples and later using IRT, while the second half was first evaluated using IRT and later using thermocouples. The interval between measurements was more than two days and less than seven.
Pre-experimental season
Because external and internal factors can interfere with T SK recordings, the following characteristics were used as exclusion criteria: smoking; history of kidney problems; injury; osteomyoarticular problems or symptoms in the last two months; skin burns, regardless of how the body areas were evaluated; symptoms of pain in any body region; sleep disorders; fever in the last seven days; physical therapy treatments; use of dermatological creams, ointments or lotions; and usage of medications, such as antipyretics or diuretics, or any dietary supplement that could potentially interfere with water homeostasis and body temperature in the last two weeks.
All subjects were considered apparently healthy according to the physical activity readiness questionnaire (Chisholm et al 1975) and showed low coronary risk according to the proposal of the Michigan Heart Association (McArdle et al 2001) . The subjects were considered physically active subjects according to the criteria of the American College of Sports Medicine (ACSM) (Garber et al 2011) ; the subjects performed regular physical training sessions at least three times a week for four months.
In this phase of the study, the body mass in grams (Filizola R , Star 300/4) and the height in centimetres (American Medical R , ES2020) were also measured, following the recommendations of the International Society for the Advancement of Kinanthropometry (Marfell-Jones et al 2006) . The body surface area was calculated from the body weight and height measurements, according to DuBois and DuBois (1916) . The body density was estimated using the equation of the sum of seven folds (pectoral, subscapular, midaxillary, triceps, suprailiac, abdomen and thigh) developed by Jackson and Pollock (1978) , and the Siri equation (Siri 1961 ) was used to estimate the body fat.
The maximal oxygen uptake (V O 2max ) was estimated using a submaximal treadmill test according to the recommendations of the ACSM (2010). The exercise protocol consisted of a 3 min warm-up with the treadmill speed (Ecafix R , EG 700 × ) maintained at 5 km h −1 . Afterward, this the speed was increased by 1 km h −1 every 2 min until reaching 85% of the heart rate (HR max ) previously calculated using the equation proposed by Tanaka et al (2001) . The inclination of the treadmill was set at 2% during the entire test. The cool-down period lasted 2 min with a constant speed of 3 km h −1 and a 0% gradient. In the methodology proposed by the ACSM (2010), the individual equations for estimatinġ V O 2max are formulated by linear regression using the values of heart rate (HR) (bpm) anḋ V O 2 (ml kg min −1 ) obtained during exercise. A metabolic gas analyser (Medical Graphics Corporation R , VO2000) was used to evaluate the oxygen consumption, a heart monitor (Polar Team2 Pro R ) was used to measure the HR and software (SigmaPlot R , 12.0) was used to perform the linear regressions.
The subjects were instructed to not perform any type of exercise for 24 h prior to the day of each experiment.
Procedures for the days of the experiment
In the morning between 8:00 to 8:30 am, at home, subjects ingested a thermal pill to evaluate their core temperature (T C ) through a telemetry system (HQ CorTemp R Inc., HT150002). This pill transmits low frequency radio waves with a different wavelength depending on temperature. This radio wave is received and converted into digital format by a data recorder (CorTemp R HQ Inc, HT150016). Each pill was properly calibrated and certified by the manufacturer. All procedures followed the recommendations proposed by Byrne and Lim (2007) , which highlight the validity of this type of equipment for recording T C .
From 11:00 to 12:00 h, the subjects had lunch consisting of foods commonly consumed in their daily routine. To avoid physical and thermal stress, the volunteers were transported by car to the laboratory. The volunteers entered the laboratory by 13:30 h and adapted to room temperature for 1 h. The room had been properly equipped with artificial fluorescent lamps, and the environmental temperature was maintained through a heating/cooling air conditioner (Komeco R , Hi-wall Split). The average temperature remained at 24.9 ± 0.6
• C with a relative humidity of 62.3 ± 5.7% on the IRT experiment days, and the temperature was 24.8 ± 0.4
• C with a relative humidity at 61.9 ± 5.4% on the thermocouple experiment days. Both measures were recorded using a digital weather station and anemometer (Instrutherm R , AD-250), which characterized the environment as temperate (Bain and Jay 2011) with null wind. These environmental conditions are in accordance with the recommendations of Ring and Ammer (2000) for collecting IRT data. HR was monitored at all stages of the study using a heart monitor (Polar Team2 Pro R ). Figure 1 shows the data collection protocol. The recommendations of the European Association of Thermology (Ring and Ammer 2006) were adopted for T SK measurements. The main points of these recommendations include that volunteers should avoid the following for 24 h before the test: caffeine consumption, smoking, alcohol consumption, physical activity, massage and application of any cream, gel or spray in the evaluated body ROI.
During the data collection, subjects wore only training shoes, swimming trunks and the belt of the HR monitor. Immediately upon arrival in the laboratory, each subject drank 500 ml of water to avoid dehydration at the beginning of the exercise.
Pre-exercise phase
Because body temperature varies with time of day (Heikens et al 2011) , the T SK data collection always began at 14:30. After the adaptation period, the subjects were instructed to indicate their thermal sensation (S) on a nine-point scale and their thermal comfort (C) on seven-point scale; these scales were predetermined in the study of Yasuoka et al (2012) .
The equation proposed by Nadel et al (1973) was used to calculate the MT SK and employs the following eight points: forehead, chest, abdomen, shoulder blade, arm, forearm, thigh and leg. Thus, the following equation was used:
During thermocouple assessments, the subjects remained standing for 30 min in the test room, and their temperature was recorded every 5 min for seven measurements in a resting condition. The thermocouples were attached to the skin with microporous hypoallergenic tape (Cremer R ) and were positioned at specific anatomical points according to the instructions provided in the study of Choi et al (1997) . Two digital and portable type K/J thermometers, with four channels (Instrutherm R , TH-096) and a measurement range from −120 to +500
• C, accuracy of 0.5%, and sensitivity of 0.1
• C, and eight thermocouples (Instrutherm R , S-09K), with a measurement range from −70 to +500 • C and accuracy of 0.5%, were used for these T SK recordings.
On the IRT assessment days, the subjects followed the same procedures as above, and every 5 min one IRT recording was performed under resting conditions. During this period, the volunteer remained in an anatomical position in front of the imager at a distance of 3 m for the measurement of two thermograms (anterior and posterior regions of the body). An imager (Flir R , T420), with a measurement range from −20 to +120 • C, 2% accuracy, sensitivity 0.05
• C, IR spectral band of 7.5 to 13 microns, refresh rate of 60 Hz, auto-focus and a resolution of 320 × 240 pixels, was used to obtain the thermograms.
Furthermore, on the two days of the experiment, T C and HR were recorded as the average during the last minute of each period. At the 0-5 min and 15-20 min intervals, an oxygen consumption collection was performed using the same equipment that was used to calculatė V O 2max on the two days of the experiment.
The subjects were weighed to determine body mass before and after the experiment, and the urine specific gravity was determined using a refractometer (LF R , 107/3) from aliquots of urine collected in 50 ml plastic bottles before, immediately after the start activity and post-experiment to check the level of water loss that was induced by the intervention.
Exercise phase
On the two days of the experiment, the subjects completed an interval test on a treadmill consisting of 12 blocks of 5 min each separated by an interval of 1 min. The intensity of the blocks of exercise was individually fixed to 60% of theV O 2max speed obtained in the pre-session experiment.
Temperature was measured using the thermocouples or IRT during the intervals, and the remaining variables were measured as described for the pre-exercise period. Oxygen consumption was recorded during blocks 1, 4, 7 and 10.
Dehydration can also affect thermoregulatory responses (Gonzalez-Alonso et al 2008, Marins 2011). Therefore, before starting each exercise block, the subjects ingested 1 ml kg −1 of body weight of water to ensure hydration. T C and HR were recorded for each block of exercise as the average during the last minute of each period.
Post-exercise phase
The subjects remained standing for 60 min in the test room, and every 5 min temperature values were recorded using the thermocouples or IRT for a total of 12 measurements during the entire resting phase. The remaining variables were measured in the same manner as during the pre-exercise period. The oxygen consumption was recorded at the following times: 0-5, 15-20, 30-35 and 45-50 min. During the recovery period, the subjects did not exert any physical effort, did not bathe, did not dry their skin with any type of absorbent material and did not urinate; the only sweat evaporation during this period occurred naturally.
Thermal image processing
After collecting the IRT, a 1 cm 2 area was set up in each reference location (ROI), as shown in figure 2: the forehead, chest, abdomen, shoulder blade, arm, forearm, thigh and leg. Temperatures from each ROI were collected using specific software (Flir Tools R ). The emissivity value adopted for human skin was 0.98 (Lahiri et al 2012) , and the reflected room temperature was 23
• C. 
Statistical analysis
The Shapiro-Wilk test was used to assess the normality of the data. Because the data were normal, descriptive statistics, such as the mean and standard deviation ( ± SD), were subsequently calculated. To compare the T SK (arm and thigh) obtained using thermocouples and IRT at the different time points studied as well as to analyse T C , HR andV O 2 , we used the one-way ANOVA for repeated measures, followed by the post-hoc Holm-Sidak test. The paired t-test was used to compare variables (body mass, density of urine, S and C) in the pre-and post-exercise conditions and to compare the thermocouple and IRT measurements of T SK (arm and thigh) and MT SK at the measured time points. The limits of agreement between the pairs of MT SK values obtained using thermocouples and IRT were determined according to the method suggested by Bland and Altman (1986) . The coefficient of variation (CV) (Atkinson and Nevill 1998) and the intraclass correlation coefficient (ICC) were also used as measures of the reliability between pairs of T SK values from the two methods (thermocouples and IRT). The use of these three approaches follows the recommendations about reliability (Atkinson and Nevill 1998) because there are advantages and disadvantages for each approach. The level of significance was α <0.05. All analyses were performed using statistical software (Sigmaplot R , 12.0 and SPSS R , 17.0). Table 1 shows the physiological and subjective responses obtained in the study using thermocouples and IRT for the three measurement stages: Figure 3 shows the MT SK values at different times that were obtained from the thermocouples and IRT. For better visualization, we highlighted the results from the statistical analysis comparing just the 30 min pre-exercise point (considered the baseline thermal equilibrium) with the other times. In addition, figure 3 summarizes the moment-to-moment MT SK obtained using the two techniques. Figure 4 shows the T SK values for the arm (non-active region) and thigh (active region) at different times before, during and after exercise for the thermocouples and IRT. As in figure 2 , we highlighted the statistical analysis results comparing the values at the 30 min pre-exercise point with those at other times.
Results
Discussion
The main result of this study was the low concordance found between thermocouples and IRT MT SK measurements in the pre-exercise, during exercise and post-exercise periods. These results were confirmed by the CV, the ICC and the Bland-Altman plot analyses (figures 2 and 3). This finding agrees with those of Sund-Levander et al (2002) for the T C . They reported that each method obtained different responses with different normal ranges. Thus, the present study confirms that comparing the results from IRT with those from thermocouples would not be ideal in all situations studied for this work because the MT SK measured using thermocouples Urine density (sg) 1014.1 ± 5.6 1013.1 ± 5.8 1013.9 ± 4.5 1013.7 ± 4.9 S (points) −0.5 ± 0.9 0.2 ± 0.9 −0.3 ± 1 −0.2 ± 0.9 C (points)
1.5 ± 0.9 1.9 ± 1.2 1.2 ± 1 1.6 ± 1.1 V O 2max (ml kg min Pre-ex = pre-exercise; Post-ex = post-exercise; S = thermal sensation; C = thermal comfort = CT; T C = core temperature. a Significant differences p < 0.001 between pre-ex versus post-ex in same condition. b Significant differences p < 0.001 between pre-ex versus exercise in same condition. c Significant differences p < 0.001 between exercise versus post-ex in same condition. d Significant differences p < 0.001 between this point versus others in same condition. is higher than that measured using IRT during exercise, and lower in the pre-and post-exercise conditions ( figure 3) .
The pre-, during and post-exercise results indicate that the physiological responses of the subjects were similar when IRT and thermocouples were used. We think that the adopted hydration procedure maintained the hydration state at the end of the experiments. Although it was considered statistically significant in both experiments, the highest water loss was only 0.7% of the body mass for IRT and 0.5% for the thermocouples. There were no changes in the density of the urine, clearly indicating again that the hydration of the subjects was maintained (Casa et al 2000) . The increase in T C, HR and oxygen consumption was sufficient to start the thermoregulatory responses during exercise, such as sweating and blood flow redistribution, that are expected for the intense physical stimulus generated (Gonzalez -Alonso et al 2008) .
In the pre-exercise condition, the statistical analyses indicate poor agreement between the MT SK values from the two methods. Our results indicated that the correlation between the thermocouples and IRT showed an averaged error of −0.75
• C with a confidence interval of 95% ranging from 0.03 to −1.52
• C (figure 2). In contrast, in the study of van den Heuvel et al (2003) , which compared thermocouple and IRT temperatures during sleep, the average error was 2.30
• C with a confidence interval of 95% ranging from 1.25 to 3.39 • C; this result reinforces the low correlation between the values of T SK measured by these methods. Importantly, there was disagreement between the findings of the study of van den Heuvel et al (2003) and those presented in this study, where the values of T SK obtained by IRT are higher than those recorded by the thermocouples. A possible explanation for these differences is the type of equipment employed; the substances and the characteristics of the sticker for attaching the thermocouple may lead to different temperature measurements (Tyler 2011) .
It is also possible to speculate that the higher MT SK pre-exercise values recorded by IRT are partly explained by the physical principles that guide these techniques. Thermocouples transform the voltage generated by a conductor subjected to a thermal gradient into temperature values, while IRT changes the energy emitted by radiation to temperature values. At rest, most (approximately 60%) of the heat loss occurs through radiation (Wendt et al 2007) . Therefore, it is possible that the IRT equipment records higher values in that condition.
When we compare the MT SK results obtained with the thermocouples at 15 min in the pre-exercise condition (31.8 ± 0.5
• C) with those of other studies, similar MT SK values of 31.8 ± 0.3
• C (Burdon et al 2010) , 31.7 ± 0.3 • C (Bain and Jay 2011), and 31.8 ± 0.7
• C are found in studies with similar environmental conditions. These results indicate that the measured MT SK values can be considered normal for a thermocouple evaluation.
Equations are rarely used to calculate the MT SK in studies using IRT as a measurement technique, making comparisons with other methods difficult. However, the work of Costa (2012) presented MT SK data in the resting condition using IRT (32.2 ± 0.5
• C), and those data were similar to the mean values (32.5 ± 0.4
• C) obtained in this study at the 15 min point. Therefore, these values can be considered normal for an IRT evaluation.
Consistent differences were found between the MT SK values recorded using the two methods (thermocouples versus IRT) in the resting condition. Significant differences (p < 0.05) were measured for the 30 min of continuous monitoring, with the smallest difference of 0.7
• C at 0 min and the greatest difference of 0.9 • C at 25 min (figure 3). Similar behaviour was observed when analysing specific regions, such as the upper arm and the thigh, in which the T SK values at rest from IRT were always higher than those from the thermocouples.
During exercise, the MT SK values already showed a pattern in which higher values were obtained using thermocouples than those from IRT; this difference was opposite to that observed at rest. The agreement between the thermocouples and IRT showed an average error 1.22
• C with a confidence interval of 95% ranging from 2.61 to −0.16 • C; thus, the average error increased with exercise performance ( figure 2(b) ).
An important MT SK response observed during the exercise condition was that the temperature measured using the thermocouples increased compared with that measured during the resting condition. In contrast, the MT SK measured using IRT during exercised decreased compared with that measured at rest for both the general and local analyses (as shown in figure 4 ). During the exercise phase, the MT SK obtained by the thermocouples exceeded that from the IRT after minute 15, with the largest difference of 1.25
• C occurring at minute 25 (figure 3). Analyses of the arm (non-active muscles) temperatures indicate that there was a significant difference p < 0.001 between the T SK obtained by the thermocouples and those from the IRT during exercise (figure 4); however, the thigh ROI T SK (active muscles) shows significant differences p < 0.001 beginning at 10 min of exercise with the highest difference of 1.25
• C occurring at 25 min of exercise (figure 4). These findings clearly indicate that both measurement techniques can lead to different results considering active and non-active areas during exercise; so that, the analysis of data and the comparison of studies carried out with both methods should be done carefully.
Several factors can explain the observed differences between the data obtained by both methods during exercise: the pressure exerted by fixation methods (Tyler 2011) , the use of substances for the fixation (Tyler 2011) , and the heat loss through convection and evaporation in the region where thermocouple was fixed (Tyler 2011 , Buono et al 2007 , which may cause the T SK measured by the thermocouples to increase. Furthermore, for IRT, there is an easier loss of heat by radiation, convection and evaporation during exercise mainly due to higher sweat production, which may result in a lower T SK under these conditions. The study by Clark et al (1977) reported a difference in the T SK values measured by thermocouples and IRT ( ± 1.5
• C), although differences were reported to reach 4.0 • C. Another factor that may have contributed to the divergent results during exercise could be that the use of IRT allows greater heat loss by convection and evaporation and a consequently can record lower T SK for the ROI.
Analysing figure 4 indicates that the T SK values recorded in the arms (non-active region) are lower than those recorded in the active region, i.e., the region with the highest concentration of blood flow and higher production heat by the active muscles. In addition to the particularities of each method, this difference effectively contributes to these results.
The MT SK values obtained using thermocouples after 60 min of exercise were 32.8 ± 0.4
• C, which are similar to those obtained by Burdon et al (2010) (32.9 ± 0.4 • C) or slightly lower (33.1 ± 0.9
• C) than . Thus, the results of this study indicate that the MT SK values can be considered normal for an evaluation with thermocouples. Reductions in T SK for certain ROIs during exercise have been reported in different studies (Merla et al 2010 , Akimov et al 2010 , Zontak et al 1998 , Torii et al 1992 . However, no studies have identified the equations used to calculate the MT SK while using IRT as a measurement technique, preventing a comparison with our data. Thus, the values found in this study can be considered a reference for the MT SK behaviour measured using IRT in future work.
The statistical analyses for the return to the resting condition also indicate a poor correlation between the values obtained using the two methods for assessing MT SK . The MT SK is even greater at rest, with a mean error of −1.16
• C and a confidence interval of 95% ranging from 0.15 to −2.48
• C (figure 2(c)). At this point, the MT SK measured using IRT is higher than that measured using thermocouples. The physical principles of each technique may be crucial to these results.
After 15 min of recovery, the MT SK trend inverts between the two methods. At this moment, the MT SK measured using IRT increases, and the MT SK values measured using thermocouples decrease; this situation is similar to that at rest in the pre-exercise condition ( figure 3) .
The difference between the MT SK values recorded using the two methods (thermocouples versus IRT) during the post-exercise condition is smallest (0.1
• C) at 10 min and highest (1.2
• C) at 25 min (figure 3). For the specific regions of the arm and thigh, the T SK values measured using IRT were always higher, but not to a statistically significant extent, than those recorded using thermocouples 25 min after finishing the exercise.
The limitations of this study include the fact that sweating was not quantified and the headwind action for facilitating heat loss by convection on the treadmill was not simulated. It may also be considered that the movement of the surface attached to the thermocouples during exercise (stretches) might have contributed to increasing the value of the data obtained by them.
We think that the results of this study could add important information for understanding of the thermoregulatory adjustments produced during exercise. The results obtained in this study may be different in other conditions: exercise performed at different intensities; exercise in other modalities, such as cycling; exercise in an external environment; exercise under different weather conditions; or even exercise performed by female or obese subjects.
Conclusion
There is low agreement between the MT SK values measured using thermocouples and IRT for pre-, during and post-exercise conditions, demonstrating the weak reliability between the two forms of measurement. Comparing the results of studies conducted using both methods is not appropriate in all the conditions studied in this work. Moreover, the use of thermocouples showed higher MT SK values during exercise compared with those measured in the preexercise condition. In contrast, IRT data showed a reduction in the MT SK , indicating that the interpretation will vary depending on the method employed.
